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The invention described herein may be manu- 
factured and used by or for the Government for 
governmental purposes, without the payment to 
me of any royalty thereon. 

This invention relates to jet propulsion de- 
vices and to propellants therefor, and has for 
its principal object the provision of a propellant 
which, when burned under the conditions exist- 
ing in a rocket combustion chamber, will produce 
a pressure-time curve which can be controlled 
and predicted by the initial form and dimen- 
sions of the powder. 

The principal object of this invention can be 
achieved only when the propellant which is used 
possesses, during the major portion of the burn- 
ing, a closely defined burning surface which 
varies in accordance with the law of burning by 
uniform layers. This requires that the burning 
take place only on the surfaces exposed by the 
burning away of the outer layers, and that there 
be no additions to the burning surfaces such 
as those produced by. internal burning or the 
breaking away of the outside surfaces. 
© Since the propellant burns only on its exposed 
surfaces, the rate of gas evolution, and the pres- 
sure developed, will depend at any instant upon 
the area of the burning surface. 
burning surface will depend upori the form and 
dimensions of the grain. If as the burning con- 


tinues, there is an increase in the effective burn- : 


ing area for any reason, this increased area upon 
burning will evolve gas at a higher rate thus 
producing a higher pressure, I have found that 
a pressure-time curve of the desired shape can 
be obtained by the use of a grain form such that 
the curve of the burning area against time is 
substantially similar in shape, during equilibrium 
burning, to the shape desired in the pressure- 
` time curve. 


` It, therefore, acomés another object of this - 


invention to provide a rocket propellant in the 
form of a powder grain having a substantially 
constant burning surface throughout the burn- 
ing time. 

` In order to accomplish the above object: I 
prefer to use a cylindrical stick of powder having 
a single concentric cylindrical perforation 
formed therein. 

One of the most suitable propellants from the 
point of view of energy, content and availability 
is a so-called “double-base” powder. These 
double-base powders are formed into “grains” 
by any one of several well known methods, which 
need not be described -herein. 

--The motor weight restrictions in a jet propelled 
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device, such as a rocket, place rather severe limi- 
tations on the burning characteristics of propel- 
lants. They must, after ignition, burn evenly 
and uniformly with time, under the pressure 
conditions existing in the chamber, without de- 
veloping pressures exceeding the allowable limit 
for the chamber in which the propellant is dis- 
posed. The pressure developed in the motor 
chamber should remain fairly constant or in- 


? crease slightly so that the propellant will burn 


completely, but, as stated, the pressure must not 
increase to high values. If the latter should 
happen, the motor chamber walls may burst. If 
such failure occurs in the projector tube during . 
the firing of the rocket, the tube itself may burst. 
Increases in pressure during burning after the 
rocket has left its projector tube may burst the 
motor chamber. Either type of bursts results 
in hazards to the firing personnel and equipment, 
To provide a propellant in which the burning 
area may be regarded as constant, I utilize a cy- 
lindrical stick of powder having a single cylin- 
drical axial perforation and space the powder 
grain from the inner walls of the combustion 
chamber so that the inner and outer cylindrical 
surfaces may be exposed for burning. The burn- 


' ing surface area of a cylindrical stick of powder 
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having a concentric cylindrical perforation may 
be regarded as constant only if the burning sur- 
face area of the ends is neglected. The ends can 
be neglected when the length of the stick is large 
compared to the diameter. If, however, the 
length of the stick is short the degressive effect 
due to burning at the ends may be great. In 
order to overcome this disadvantage the ends may 
be treated with a material which will inhibit 
combustion. A material which I propose is tar. 
If the ends are painted with tar the burning area 
will be constant, and substantially constant pres- 
sures will be maintained. Other inhibitors such 
as cellulose acetate or rubber compounds could be 
used. 

In the course of my researches on the use of 
large grains of double-base, translucent powder 
for rocket motors and other like jet-propelled 
devices, I discovered that such grains almost al- 
ways developed abnormally high pressures during 
burning in the rocket motor. I used translucent 
grains because any cracks or flaws therein which 
produce a non-uniform burning surface may 
thus be:determined by visual inspection prior to 
loading in the combustion chamber. Translucent 
grains consisting of cylindrical tubes of about Va 
inch outside diameter and 14 inch inside diameter 
appeared to be uniform throughout, no holes, 


cracks, areas of uneven colloiding, or fibers of 
nitrocellulose being observed. Such a powder 
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grain would have been expected to give superior — 


results asa propellant powder în a rocket.. Yet,.as 
stated, ‘failures were-common.- Pressures de~ 
veloped during burning would be so high as to 


break the stick into pieces and-to expel partially hi 


burned pieces of powder from the rocket motor. 
I was finally able to examine. partially. burned 


powder, and to subject such powder grains to : 


partial burning tests, using apparatus as de- 
scribed in my copending application S. N. 501,002, 
filed Sept 2, 1943, now matured to U. S. Patent-No. 
2,464,179. I discovered that partially burned, 


light translucent powder grains had’. surfaces: 


marked by fissures, “worm holes” and even.cracks. 


and that double-base propellants for use in- 
rockets and like jet propelled devices must be 
opaque to the light rays which appear to cause. 


Assuring. - 


It- should. be ‘andersteod, “howêsêri that there 


may be applications in rocket propulsion wherein. 
-configurations other than that disclosed may be 


- desired: to produce: for example a slightly pro- 


These fissures were frequently of substantial ` 


depth and area. Thus it was apparent: why the 
pressure increased, frequently. by several thou-.. 


sand pounds, during burning. For some unknown 
reason the translucent powder fissured during 
burning; the. fissures:-formed resulted in increased 
burning area and, as:a consequence, in excessive 
inereases im pressure. - 

The increase. in, pressure, sometimes exceeding 
the bursting strength of the motor.chamber, is.a 
kind of progressive.process. That is to.Say, when 
a-small-fissure or worm hole forms, the burning 
surface of the powder grain.is slightly increased. 
This leads -to.an increased volume of gas, which 
in-turn increases. the pressure in.the motor cham- 
ber. The increase in pressure increases. the rate 
of burning, more fissures form, again increasing 
the pressure with further increase in burning 
speed so; in a fraction ofa second, the propellant, 
instead: of burning evenly,.burns with explosive 
force-and the development of very high pressures 
in the: motor. chamber. 

-On:the-other hand,.when.fissuring is prevented, 
in accordance with my invention, the. powder 
grains of my invention burn smoothly from the 
surfaces inwardly, and the. burning: rates, pres- 
sures developed, ete., can be correlated with the 
structural design of the rocket motor chamber, 
nozzle area, etc. 

Many explanations of the cause of fissuring 


were advanced. A “shock wave” theory-was pro- 


posed, and ultimately' discarded. Others attrib- 
uted it to some peculiarity in the physical struc- 
ture of the powder grain, i e., its brittleness. 

I finally hit. upon an explanation based. on 
radiation phenomena. I felt that as the surfaces 
of the powder burned, the-light energy developed 
was radiated below the burning surface into the 
interior of the grain where. selective ignition: of 
nitroglycerin. molecules could possibly eceur. If 
that happened it would be: reasonable. to -believe 
that the combustion products “wormed” through 
to: the surface of the grain, thus creating chan- 


nels or fissures, and: exposing more surface area. ç 


where burning would take: place.. This radiation 
explantion then led me to the conculsion that.the 
powder grain should: not be translucent, and fur- 
ther led to-the discovery that.opacifiers. could. be 
incorporated in the-powder grain to render the 
grain opaque to light rays which -appear-to-be the 
cause of fissuring. 

As a result of my discoveries I am able-to pro- 
vide a double-base propellant for jet -propulsion 
devices which performs satisfactorily under the 
conditions imposed by the thin walls-of the:com- 
bustion chamber. utilized. in such devices; My 
invention is thus based in part on the discovery 
that a propellant for:a rocket should havê-a con- 


figuration producing a constant area-of burning. 
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gressive: powder to: reduce burning time. How- 


. ever, in: these specific instances it is still im- 


portant. that an opaque powder grain be used in - 
the rocket chamber to prevent fissuring which if 


occurring. would disrupt the calculated burning. - : 


time and produce pressures higher than those -: 


: which: the: rocket: combustion chamber was de- 


signed to withstand. 


In order that my invention may be more clearly | - 


understood, I-have,.on the appended single sheet. 
of drawings; illustrated_a powder grain of cylin- 
drical configuration, having a single axial cylin- 


drical perforation: formed therein, so that.when. - 


burned: on: both: surfaces: it will. offer, a. substan- ; 
tially: constant: burning- area: The surface of. the 
propellant shown in oneview has-developed fis- 
sures and worm. holes after partial. burning. : It 
has also been noted: thatthe: worm -holes:.which 
do-not.extend:to-theisurface are observable with- 
in: the- interior. of the grain. This.. wil. more - 
clearly illustrate: what is meant:by: terms. “worm 
holes” and: “fissures.” . I have- also. shown a. 
schematic-representation: of. a rocket: device cons. 
taining the propellants of the:present invention, g 
Tn the: drawings—- `. “ 
a Fig: lis a powder grain of. ihe, present. i en- : 
ion;. ; 
a 2shows:a powder grain: which. has: fissured; 
an . 
Fig. 3' is a:representation of a rocket containing : 


‘the opaque: propellants. of my invention. . aie 
-In- Fig; 2 the grain i: has. its surface marked. Í 


and-scored by.fìssures: 40 and worm-holes.2. This 
grain-is-translucent- to: light. 

In Fig. 1 the grain: 3 shows no fissuring. ‘after 
partial. burning., This grain: is. opaque to, ‘the 
light. rays: 

-In Fig. 3 the: rocket -motor: chamber: 4.is pro~ 
vided- with plurality of cylindrical. sticks of 
opaque powder..3; each. of which. has. a single : 
axial cylindrical: perforation. 6, and: which, : if. of 
small: diameter compared. to. their length, have 
their end: surfaces: painted. with. tar... The. pro- 
pellant-sticks,are held in. place by the-trap. wires 
7 threaded through the perforations 6. -For pur- 
pose of clarity;.of illustration. these: ‘grains are | 
shown-spaced. from: each. other,. although. this is 
not generally. carried. out in. practice: The. nozzle É 
or. venturi.of. the- motor. is. shown at: a and. he 
“pay-load”.or high.explosive head.at 9.. DR 

The present invention, therefore, comprises. ‘the : 
use: of. a propellant. in. a. rocket’ chamber, said ` 
propellant. being.:characterized-by. the fact.that 
itis opaqug;: and: also-by-the fact. that. it differs 
from-:the propellants: originally. tried. but. which 
were found to be unsatisfactory since. they: pro- 
duced -fissures and excessive: pressures; only;:in - 
that-it is-opague; whereas: the: other propellants . 
referred. to- were: translucent: I .prefer.to-make 
the propellant opaque by the addition. of Be: Suit- 
able -opacifying: agent. -<< - 

“This invention-also- includes. the combination of | 
a«rocket motor. combustion: chamber:and-propel-- 
which-has-the form:of-a-cylinder with-a.single 
eoncentriccylindrieal-perforation-formed there~ 
in; the configurationretains during: burning. 
constant; surface area. Im the-case:of short. . 
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grains or in other cases where a more exactly 
constant burning area is desired, the invention 
may include the treating of the end surfaces with 
an inhibitor such as tar. ` 

This invention also includes the combination of 
a rocket motor combustion chamber and propel- 
lant having the opaque character stated, but not 
limited to any specific geometrical configuration. 
For the propellants involved in this invention I 
prefer to use the double-base powder. 

By double-base powder or propellant I mean 
any mixture of nitrocellulose and nitroglycerin 
in those proportions which will give propellant 
characteristics. Such proportions are well known 
in the art and I need not elaborate on them in 
this specification. As a rule the nitrocellulose ex- 
ceeds the amount of nitroglycerin, but propel- 


lants containing equal quantities of such con- - 


stituents have been made and are useful. I do 
not wish to be limited to any particular propor- 
tion of nitrocellulose and nitroglycerin, since my 
invention does not depend upon such proportions. 
Likewise, the amount of opacifier to be incorpo- 
rated in the mixture for the purpose stated can 
vary over wide limits. The final result is a 
powder which is opaque to light energy which 
appears to cause fissuring in the absence of the 
opacifier. The opacifier is quite uniformly dis- 
tributed throughout the powder grain. In the 
case of soluble coloring agents, such as nigrosine, 
the entire grain is colored. In the case of solid 
opacifiers such as lampblack or carbon black the 
finely divided particles thereof are quite uni- 
formly distributed throughout the powder grain, 
- although there may be zones having a higher 
concentration of the solid; but visual inspection 
of any surface reveals that the solids are well 
distributed. Photo micrographs of surfaces pro- 
duced by cutting the grain at various points, at 
fairly high magnifications, show the finely di- 
vided solid particles scattered more or less uni- 
formly through the body of the powder. Ob- 
viously, the use of lampblack, graphite and the 
like in my invention bears no similarity to the 


coating or surface treatment of powder grains . 


after they have been formed for the purpose of 
modifying the burning characteristics of the 
grain surface. 

Those skilled in the art will appreciate that 


many different opacifiers can be used in the prac- . 


tice of my invention. For example, lampblack is 
an excellent material to incorporate in the pro- 
pellant along with the other major constituents. 
Nigrosine, a black aniline dye, is useful. Any 
colored, or coloring material, capable of screen- 
ing out those light rays which appear to cause 
fissuring, can be used. Thus the desired end 
may be achieved through the use of dyes, stains 
or pigments. 

Thus a double-base powder containing about 
40 percent nitroglycerin, 58 percent nitrocellu- 
lose, and 2 percent ethyl centralite is prepared in 
sheet form for extrusion. This powder, if ex- 
truded to grains in the form of cylinders % inch 
outside and J4 inside diameters will fissure when 
burned. In the practice of my invention I in- 
corporate about .15 to 0.5 weight percent of lamp- 
black in the powder. The lampblack can simply 
-be rubbed on the sheeted powder before extru- 
sion thereof. When the lampblack coated sheet 
is extruded the coloring agent is sufficiently dis- 
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seminated through the grain to render it opague 
to light. Alternatively the lampblack can be 
added to the nitroglycerin prior to colloiding ni- 
trocellulose. 

When using dyes such as nigrosine, not so 


' much opacifier is required. I need only add 0.1 


weight percent of nigrosine to the powder con- 
stituents to render the final grain opaque. Black 
p-aminophenol is a suitable opacifier, and there 
are many others. The object, in each instance, 
is so to color the final grain that light energy 
developed on the surface during burning is not 
permitted to penetrate below the burning sur- 
face. This is most easily accomplished by sim- 
ply coloring the grain throughout with any suit- 
able agent which will inhibit the penetration of 
the light energy which appears to cause the 
fissuring. I believe that the red end of the 
light spectrum is the particular cause of fissuring 
and therefore coloring agents or “opacifiers” 
which shield only against the penetration of red 
rays will be operative. But coloring agents such 
as carbon black, lampblack, aniline dyes, etc., are 
so readily available and useful that I find them 
quite advantageous. 

Having thus described my invention, what I 
claim is: 7 

A propellant grain for jet-propelled devices, 
comprising a double base powder containing 5845 
nitrocellulose, 40% nitroglycerin and 2% ethyl 
centralite, an opacifier consisting of .15 to 0.5 
weight percent of lampblack incorporated in said 
powder, said opacifier being dispersed uniformly 
throughout the powder to form a composite 
opaque mixture which will prevent internal self- 
ignition of the powder by radiant energy radia- 
tions produced by surface burning of the powder. 

CLARENCE N. HICKMAN. 
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